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Abstract 
In this study, hydrogen (H2) gas sensing properties of palladium (Pd) & platinum (Pt) thin films coated and 
uncoated vertically alinged zinc oxide (ZnO) nanorods were investigated at different temperatures. On the other hand, 
the effects of annealing in dry air to gas sensing properties of the nanorods were investigated. Vertically aligned ZnO 
nanorods were fabricated by using hydrothermal method on glass substrate, and then Pd and Pt thin films was coated 
on to ZnO nanorods by using thermal evaporating system. The thickness of Pd or Pt thin film was approximately 15 
nm. H2 sensing measurements were done in the temperature range of 25 - 200ºC. It was found that the sensor 
response of Pd coated ZnO nanorods were much higher than uncoated ZnO nanorods because of catalytic effect Pd 
thin film. Moreover, unannealed samples showed better sensor response than annealed samples due to the surface 
charge number. The sensor response of all samples increased with enhancing temperature 
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1. Introduction 
Although semiconducting metal oxide materials can be effect very easily by physical and chemical 
effects in ambient, they can conserve their structure stability. With this property, metal oxide materials 
attracted the attention of researchers, and interest on these materials has been increased day by day. Metal 
oxide materials have been used in many application areas such as solar cells, transistors, light emitting 
diodes and gas sensors. Due to improve the sensor performance of metal oxide material, the 
nanostructures of them have been fabricated by using different methods [1]. Metal oxide nanostructures 
have very large surface-to-volume ratio, this causes dominant surface effect due to increase of their 
specific surface. So, high surface area leads to the enhancement of the surface related properties, such as 
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catalytic activity or surface adsorption. Among metal oxide ZnO, has large band gap (3.37 eV) and high 
exciton binding energy (60 meV), and has been used in many application such as used in optoelectronics, 
transparent electronics, spintronic devices, and sensor applications [2]. ZnO nanostructures have been 
intensively studied for sensing different gases such as NOx, CO, H2S, O2, ethanol, etc in temperature 
range between room temperatures to 400 ºC [3 - 5]. But sometimes using nanomaterials in gas sensors 
can’t be effective way for increasing sensor response, selectivity and, decreasing operating temperatures. 
To overcome these problems, researchers have been focused on doping metal oxide with catalytic 
materials or fabricating heterostructures.  
In this works, we fabricated ZnO nanorods by using hydrothermal method and investigated effect of 
noble metal and annealing on H2 sensing properties of the nanorods.  
2. Experimental 
ZnO nanorods were synthesized on ZnO thin film coated glass substrate by hydrothermal method at 
90 ºC for 3h and the details were given in our pervious works [6, 7]. The fabricated ZnO nanorods are 
approximately 30 nm in diameter and 500 nm in length. On the other hand, some samples were annealed 
at 500 ºC in dry air ambient for 2h in order to investigate the effects of annealing to gas sensing 
properties.  
After this step, annealed and un-annealed samples were coated with approximately 15 nm Pd and Pt 
thin films by using thermal evaporator system (Leybold Univex 450). Three type samples were tested for 
H2 gas sensor in temperature interval of 25 – 200 ºC. T1 sample was annealed, and then Pd thin film 
coated ZnO nanorods. E1 was as-prepared ZnO nanorods and then Pd thin film coated on to the nanorods. 
The last EB1 sample was as-prepared ZnO nanorods. For H2 gas sensing measurements, gold (Au) inter 
digital transducers were coated on to un-annealed, annealed and noble metal film coated ZnO nanorods 
using evaporator system. The thickness of Au electrodes was 250 nm. A constant voltage was applied to 
sensor devices and the current was monitored continuously and recorded using an IEEE 488 data 
acquisition system incorporated into a PC during the measurements.  
 
3. Result and Discussions 
Figure 1a shows sensor response of all samples exposed to 500 ppm H2 at room temperature. After the 
sensor response of the samples was measured under dry air flow for 25 minutes to obtain base line, 500 
ppm H2 was flowed into the chamber for enough time to observe response time. After sensor response 
came to saturation, the samples were purged with dry air as seen in figure 1a. It is clearly seen from figure 
1a that the highest sensor response is observed for E1 sample which is as-prepared ZnO nanorods with Pd 
coating. The lowest sensor response is obtained for EB1 which is as-prepared ZnO nanorods without Pd 
coating. So, the Pd thin film coating enhanced the sensor response of ZnO nanorods due to the catalytic 
properties of Pd to H2. On the other hand, the sensor response of annealed sample T1 is lower than the 
sensor response of as-prepared E1 sample as seen in figure 1a. These could be explained with oxygen or 
other element vacancies in the as-prepared ZnO nanorods. With annealing process in dry air ambient 
oxygen vacancies decreased with adsorbing O2 molecules on ZnO nanorods surface. Figure 1b shows the 
variation of sensor response with temperature for all samples. It is clearly seen from figure 2b that the 
sensor response of all samples enhanced with increasing of temperatures. This behavior can be explained 
as follow: it could be changed the forms of oxygen species on surface with increasing temperature and 
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under dry air [8]. So, the change in oxygen species at the nanorod surface could increase the sensitivity.  
In addition, the highest sensor response is observed for E1 sample for measured temperature range as seen 
in figure 1b. 
 
Fig 1. (a) sensor response versus time plot at room temperature, and (b) sensor response versus temperature graph for all 
samples 
 
In table 1 shows response times and recovery times of all samples at the indicated temperatures. It is 
understood in table 1 that, response and recovery times were decreased with increasing temperatures for 
all samples. The response time of each sample was lower than recovery time as seen in table 1. In 
addition, the lowest response and recovery times were observed for E1 sample at indicated temperature. 
On the other hand, EB1 sample did not recover at low temperature (<100) for a long time (>1h). As a 
result, it could be used E1 sample for H2 sensor with high and quick response compare to other samples. 
A comparison between Pd and Pt coated ZnO nanorod sensor will be discussed during the meeting.  
 
Table 1. Response times and recovery times of all samples at the indicated temperature 
 
Min/T(ºC) 













25 15 47.5 10 40 22.8 ** 
50 15.4 30.7 8 35 21.7 ** 
100 11 25 6 18.45 15.45 23.47 
150 10.3 21.4 5.8 15.4 11.5 20.8 
200 9.55 17.35 5.5 10.35 10.55 19.8 
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